Background-Heart failure risk factors are diverse and likely to vary among world regions. Systematic review and pooled analysis were used describe contributions of major underlying risk factors for heart failure in six world regions.
Introduction
Heart failure affects an estimated 23 million people worldwide, [1] and leads to substantial numbers of hospitalizations and health care costs. [2] Because heart failure is more common in older ages, [3] heart failure prevalence will continue to increase with aging of the world population.
Ischemic heart disease (IHD), hypertension, rheumatic fever and other valve disease, cardiomyopathy, cardiopulmonary disease, congenital heart disease, and other factors may all lead to heart failure, either alone or in concert with other risk factors. The pattern of heart failure risk factors are likely to vary across world regions based on risk factor prevalence and quality of health care. Past reviews found that IHD is the predominant cause of heart failure in Western high income nations, non-ischemic cardiomyopathies and rheumatic heart disease more common in developing regions, and IHD particularly rare in sub-Saharan Africa. [4, 5, 6] The standard of heart failure care has advanced dramatically in recent decades, but it is unclear if standard therapies, most of studied in patients with left ventricular systolic dysfunction, are equally effective in all types of heart failure patients and in all world regions. Data on regional prevalence of heart failure's underlying risk factors are needed to develop region-specific priorities for heart failure research, prevention and early treatment.
Current International Classification of Disease (ICD) system classifies heart failure as an intermediate, not underlying cause of death, yet these rules are followed inconsistently around the world, even in high-income countries. [7] As a consequence, it is not possible to use routine vital statistics for valid or even comparable estimates of the upstream etiological causes of health failure worldwide. Past international literature reviews of heart failure causes were either limited in scope, [4, 5] or comprehensive but limited to one region, [6] and none used meta-analysis methods to pool studies or adjust for heart failure patient age or sex. To overcome these limitations, we conducted a systematic literature review and pooled analysis of studies with data on risk factors for heart failure in order to describe the worldwide prevalence of major underlying risk factors.
The author(s) of this manuscript have certified that they comply with the Principles of Ethical Publishing in the International Journal of Cardiology. [8] 
Methods

Systematic literature review
Over the past three decades, most epidemiologic studies have based heart failure diagnosis on either the New York Heart Association (NYHA) functional classification [9] or Framingham Heart Study heart failure criteria (diagnosis based on symptoms and/or physical exam or radiologic signs of heart failure). [10] With the Framingham criteria as the standard, we included studies that described patients with a clinical diagnosis of heart failure based on typical symptoms (NYHA II-IV), physical examination findings, or cardiac imaging. Due to lack of a global sample of population-based studies of heart failure, clinic and hospital based studies were the main study type included. In order to avoid overrepresenting severe heart failure patients in some regions, all studies had to include participants with all of NYHA class II-IV functional status.
The major heart failure risk factors were IHD, hypertension, rheumatic and other valvular heart disease, cardiopulmonary disease, cardiomyopathy, and "other" (congenital heart disease and any other risk factors not included in the prior five categories). Cardiomyopathy was broadly defined according to the European Society of Cardiology 2007 definition as "a myocardial disorder in which the heart muscle is structurally and functionally abnormal, in the absence of coronary artery disease, hypertension, valvular disease and congenital heart disease sufficient to cause the observed myocardial abnormality." [11] There are numerous causes of cardiomyopathy: familial, idiopathic, post-partum, auto-immune, infiltrative, infectious and other inflammatory, anemia and vitamin deficiency, heavy alcohol and other toxic exposures, and others. Because only one study used diagnostic testing in addition to self-report in order to identify hypertension as a unique cause ("hypertensive heart disease", i.e. heart failure due to hypertension in the absence of IHD), [12] we treated all self-reported hypertension as a heart failure risk factor (with or without IHD). Alcohol was only recorded as a risk factor if it was reported as "heavy alcohol use" or "alcohol abuse".
A research librarian (J.O.) and epidemiologist (A.M.) developed the search strategy. MEDLINE (via PubMed), EMBASE, and LILACS electronic literature databases were searched for heart failure papers, using controlled vocabulary (e.g., Medical Subject Heading, or MeSH) for heart failure plus key words related to heart failure, as well as either filters for clinical trials or the subheadings "epidemiology" and "mortality" (Appendix). A broad and inclusive search strategy was applied to low and middle income regions where heart failure data are scarce, and a restrictive strategy was used for high income regions where data are abundant. In the main searches, heart failure clinical trials were excluded because trial subjects are not likely representative of the general population, as subjects with certain etiological risk factors are commonly excluded. [3] In order to assess whether important heart failure papers were missed by focusing on epidemiologic studies and excluding clinical trials in the low and middle income region search, separate searches were also conducted omitting the "epidemiology" and "mortality" subheadings and filtering those results to low and middle income region and multinational clinical trial articles only.
The main search of "epidemiology" papers led to identification by one investigator (AM) of 87 papers for review. The "clinical trials" search led to identification of 30 clinical studies or trials from low and middle income regions. Because 87% of the trials and clinical studies had selection criteria that would bias assessment of risk factors among heart failure patients (37% selected participants with systolic dysfunction only, 23% selected only IHD patients, and 40% had other exclusions), clinical trials and clinical studies were not included in the review. However, the "clinical trials" search yielded 13 additional heart failure epidemiology papers which were reviewed (resulting total of 100). An additional 35 articles meeting inclusion criteria and additional studies identified in these papers' bibliographies were considered for inclusion ( Figure 1 ). Of 135 articles in the review, 53 cross-sectional studies with data on the etiology of heart failure were eligible for inclusion. Full text copies of eligible papers were obtained from the Columbia and Harvard University libraries and their affiliated libraries. Articles published in languages other than English or Spanish were translated. Two investigators (AM and SK) read all of the full text heart failure risk factor papers and reached consensus regarding inclusion of 38 papers ( Figure 1 ). Included papers were original reports or reviews of clinic-based studies of unselected heart failure patients, inclusive of NYHA classes II-IV, that reported age and sex characteristics of the sample and heart failure risk factors (Table 1) .
Publication information and data on age, sex, heart failure risk factors, and country and region were extracted into a standard data extraction form. Risk factor prevalence was exclusively based on heart failure patients' self-reported diagnosis history in almost all studies. All valvular heart disease was collapsed into a single category because the proportion of valvular disease due to rheumatic heart disease was not reported in all studies (including studies from some high rheumatic heart disease prevalence regions). Atrial fibrillation and diabetes mellitus were commonly reported "other" risk factors in highincome regions. Because evidence for an independent causal relationship between these risk factors and heart failure is relatively weak, [13, 14, 15] and it was impossible to determine whether atrial fibrillation or diabetes preceded or followed after heart failure diagnosis, we dropped these two risk factors from the main list of risk factors analyzed and analyzed the contributions of diabetes and atrial fibrillation separately (Appendix Table 2 , Appendix Figures 1-3 ).
Study locations were collapsed into eight major world regions: 1) Western High Income (including North America and Western Europe), 2) Asia Pacific High Income (including Japan, South Korea and Singapore), 3) Eastern and Central Europe, 4) Sub-Saharan Africa, 5) Middle East, 6) East Asia, 7) South Asia and 8) Latin America and the Caribbean ( Figure  2 ). South Asia was excluded from the analysis because the one paper screened from this region did not include data on participants' age; [16] Middle East was excluded because only one study met inclusion criteria. [17] Therefore, results were estimated for six geographic regions. A paper from Singapore was excluded because 1) the relatively small size of the Singapore population compared with those of South Korea and Japan, 2) the participants' ethnicities differed markedly from the other Asia Pacific High Income region studies (60% Chinese, 24% Malay, and 15% Indian ethnicities), and 3) a distinctly different heart failure risk factor pattern appeared (for example, 85% IHD). [18] Data for "non-black" South Africans from the Heart of Soweto Study [19] were excluded because the proportion of this group in the patient sample was higher than would be found in hospitals of the Sub-Saharan Africa region as a whole.
Statistical Analysis
Analysis of crude and adjusted prevalence of underlying heart failure risk factors-For each region, distribution of reported prevalence was estimated for underlying risk factors as median and interquartile range. Mean age and percent of subjects who were male were compared across regions using one-way analysis-of-variance (ANOVA).
Multivariate analysis of underlying risk factors of heart failure-Underlying heart failure risk factors may vary by age and sex. Because mean participant age and proportion male varied across studies, relative to other studies and to the regional population, we sample-size weighted and adjusted the prevalence of different underlying risk factors for mean age and sex composition of the study populations within region. We conducted this analysis in two ways: first separately for each underlying risk factor and second for all underlying risk factors combined requiring their total contribution to become exactly 100%. The first analysis is relevant because it helps identify total contributions of each risk factor; the second is consistent with the ICD system which requires the identification of a single "underlying cause".
We used logistic regression for the first analysis. In the second analysis, we used a multinomial logistic regression. Multinomial logistic regression estimates the probabilities of more than two outcome categories, relative to one another, as a function of independent covariates. Outcome variables in the model were probabilities of the six main heart failure risk factor categories. Independent variables were mean age of participants, percent of population who were male, and geographic region. A multinomial logistic model estimates the proportional contributions of each underlying risk factor-with contributions of different risk factors adding to 100%. Due to substantial overlap in heart failure risk factors in individual patients, multinomial logistic model estimates should not be interpreted as regional prevalence or exclusive clinical risk factor categories but rather as a pattern of adjusted relative probabilities of risk factors.
We estimated the uncertainty intervals of adjusted regional prevalence using Clarify software (http://gking.harvard.edu/clarify/docs/clarify.html) which uses repeated samples of the joint statistical distributions of regression model coefficients and performs a statistical simulation to estimate the uncertainty of the outcome. In this analysis 95% confidence intervals were based on 1000 simulations.
Results
The 38 studies initially included from the systematic review yield 74 data lines (risk factor sets) ( Table 1 , Appendix Table 2 ). Studies from Central and Eastern Europe region studies generally included older heart failure patients followed by those from Western High Income (mean ages 67.6 and 68.0 years, respectively), while mean age was lowest in the sub-Saharan Africa (48.5 years). Mean heart failure patient age was significantly different across regions (Appendix Table 3 , one-way ANOVA p < 0.001). More male than female heart failure patients participated in almost all studies (overall percent male 52.5%, one-way ANOVA p < 0.001). All studies reported IHD and hypertension as distinct risk factors. Valvular heart disease, cardiopulmonary disease, and cardiomyopathy were reported as separate risk factors in some studies, but were included in "other risk factors" in others.
In crude analysis (Table 1, Figure 3 ), IHD was a risk factor for heart failure in >50% of patients in Western High Income and Eastern and Central Europe regions; 30-40% in East Asia, Asia Pacific High Income, and Latin American and Caribbean regions; and <10% in sub-Saharan Africa. Hypertension was a commonly reported risk factor in all regions, with an approximately 17% or more crude prevalence among heart failure cases. After adjustment for age and sex, variability in IHD-as-risk factor was attenuated, but IHD remained distinctly rare as a risk factor in sub-Saharan Africa [4.2% mean prevalence, 95% confidence interval (3.1%-5.5%), Figure 4 ]. After age and sex adjustment, hypertension was distinctly more prevalent among heart failure patients in Eastern and Central Europe Among the studies specifically reporting rheumatic heart disease prevalence, the highest median crude prevalences of rheumatic heart disease were 34% in East Asia 14% in sub-Saharan Africa (Table 1) . Cardiopulmonary disease was a commonly reported risk factor for heart failure only in East Asia [Figures 3 and 4 , age-, sex-adjusted prevalence 11.9% (9.5% -14.6%)]. Cardiomyopathy was a predominant risk factor of heart failure in Sub-Saharan Africa, Latin America and the Caribbean, and Asia Pacific High Income [age-, sex-adjusted prevalence 25.7% (22.8%-28.5%), [19.8% (16.5%-23.4%)], and 16.5% (12.8%-20.6%), respectively]. Cardiomyopathy was often attributed to Chagas' disease in Latin American studies. The proportion of risk factors in the "other" category was largely driven by the presence of younger heart failure patients with congenital heart disease in the study sample.
The adjusted multinomial analysis, which may be of interest to those who want to apportion the burden of heart failure among its underlying risk factors, showed risk factor probabilities that mapped roughly to the age-and sex-adjusted prevalence pattern of the risk factors in isolation ( Figure 5 ). Proportional share of IHD as risk factor ranged from to 4.6% in sub-Saharan Africa to 51.6% in Western High Income. The lowest proportion of heart failure was apportioned to hypertension was in Asia Pacific High Income (13.2%) and the highest hypertension apportionments were in Eastern and Central Europe (35.0%) and in sub-Saharan Africa (33.5%).
Discussion
Our systematic review of the risk factors for heart failure demonstrated noticeably different risk factor patterns among regions, with patterns related to each region's epidemiological characteristics in terms of risk factors, treatment access. Crude proportion of heart failure patients with an IHD history was highest in high income Western nations and Eastern and Central Europe, intermediate in East Asia and Latin America and the Caribbean, and very low in Sub-Saharan Africa. Adjustment for mean age of samples attenuated the IHD-as-risk factor differences among regions for all except sub-Saharan Africa, where IHD remained rare as a heart failure risk factor. Hypertension was a common risk factor for heart failure worldwide. Cardiopulmonary disease was found frequently only in heart failure patients in East Asia, where male smoking prevalence is approximately 60% and chronic obstructive pulmonary disease is common. Cardiomyopathy was most common in sub-Saharan Africa and Latin American and the Caribbean, where infectious cardiomyopathies are most common. Rheumatic heart disease, while not consistently reported as a risk factor of heart failure in the studies reviewed, appeared to be common in sub-Saharan Africa and East Asia, possibly due to limited treatment of endemic rheumatic fever.
The crude pattern of heart failure risk factors across regions was similar to that found in two past reviews of international differences in heart failure risk factors-a high proportion of heart failure attributed to IHD in the high income west, and a higher proportion of heart failure attributed to rheumatic heart disease and non-ischemic cardiomyopathies in developing regions. [4, 5] Both of the past studies were much smaller than ours and did not perform meta-analysis or adjust for age and sex variability within regions. For example, after adjustment for age and sex differences in our analysis, the contribution of IHD was lowered in Eastern and Central Europe and increased in East Asia. However, we did not ageor sex-standardize across regions, so regional variability in crude risk factor prevalence is partly due to the fact the heart failure patients tend to be younger or more likely to be male in some regions.
An important finding of our study was that many heart failure cases were associated with multiple risk factors. Under current ICD rules, each death related to heart failure must be assigned one underlying cause. This is analogous to the outcome of our multinomial logistic model, in which proportional contributions were estimated with the property that they added to 100% as they would in mortality statistics based on the ICD. Therefore, the results of this analysis may assist with allocating deaths recorded as heart failure deaths to the underlying causes most probable in specific regions. Despite the accounting and communication convenience of causes that add to 100%, in truth multiple overlapping risk factors contribute to heart failure. A complete epidemiologic model of heart failure risk requires accounting for the multiple underlying risk factors that may co-exist. Such an analysis would require access to individual record data, such as those from the Framingham Heart Study that have been used in multi-risk factor heart failure prediction tools. [20] Our study is the largest systematic review of the global epidemiology of heart failure risk factors, and is the first to use multivariate adjustment to account for differences in age and sex of study samples. The review is limited because the available studies are clinic-and hospital based studies that may not represent the characteristics of heart failure patients in the community. For example, despite our requirement that studies include NYHA classes II-IV, mild and pre-clinical heart failure may not have been captured in these studies and heart failure duration was rarely described. In most of the studies included, younger patients were excluded. This explains why we found a crude prevalence of rheumatic heart disease among heart failure patients of only 14% in sub-Saharan Africa, a lower proportion than reported in most of the sub-Saharan African heart failure studies reviewed by Ntusi et al. [6] Sub-Saharan Africa studies published since 1980 that include the population <20 years old report a crude rheumatic heart disease prevalence ranging from 13.7-34.1%, [21] and one study reported a rheumatic heart disease prevalence of 44% in heart failure patients <20 years old. [22] Inclusion of heart failure clinical trials would have added many more high income region studies, and a few more low and middle income regions studies, but we found that at least in low and middle income regions, most trials used heart failure risk factors as selection criteria and would have biased the results. Studies included were heterogeneous in the list of risk factors measured and reported, case definitions, age, sex, and possibly in other unreported characteristics of study participants that may affect inter-region differences in risk factors for heart failure. It is likely that risk factors are screened for more often in some regions than in others, and that self report is biased by educational status and access to care. Imaging technology may assist with assigning specific risk factors to heart failure cases, but echocardiography, angiography and myocardial perfusion scanning were used in only one included study to distinguish between ischemic heart disease and hypertensive heart disease. [12] Last, because all of the studies reviewed were cross-sectional, there is no way to know if some of the risk factors preceded heart failure (i.e., were causal) or developed after heart failure (i.e,, were not causal but were co-morbid).
The epidemiology of heart failure is likely evolving rapidly across the globe. Ischemic heart disease may be increasing in places like China, [23] where it was relatively rare before, and hypertension has become the most prominent cause of heart failure in urban Africans. [24] Many populations are facing a "double burden" heart failure caused by communicable and noncommunicable diseases. Rheumatic heart disease prevalence may be higher than previously thought, [25] and HIV prevalence will remain high in many areas into the near future. Chaga's disease, and endomyocardial fibrosis have not been eliminated as causes of cardiomyopathy in sub-Saharan Africa and South America, respectively. Unfortunately, we lacked sufficient data for estimating urban/rural differences or temporal changes in regional risk factor patterns.
Future research on the heart failure risk factors and progression should ideally be based on community-based longitudinal cohort studies in several world regions. Such studies are costly and would take years to complete. Multi-country case-control studies, would help provide information on the underlying risk factors for heart failure more immediately. Our study suggests that a case-control design incorporating physical exam, self-reported history, echocardiography, electrocardiogram, and pulmonary function tests in heart failure patients and controls might efficiently define the underlying risk factors for heart failure in different world regions. Future studies need to distinguish among causes of cardiopulmonary disease (for example, causes other than chronic obstructive lung disease), subtypes of valvular heart disease and cardiomyopathy, and discriminate between ischemic heart disease and hypertensive heart disease. The INTERCHF study will be a longitudinal case study of approximately 5,000 heart failure patients recruited from urban and rural areas of 13 low and middle income nations in Africa, Asia and South America. This study should contribute substantially to current knowledge about heart failure causes in those regions.
Heart failure is a large and global public health and health system problem that will become more important as the world population ages, and faces risk factors for cardiovascular diseases including heart failure. Using systematic review methods, we identified the regional patterns of heart failure risk factors, contributing to the development of region-specific heart failure prevention policies and estimation of heart failure mortality rates. Global heart failure prevention will require implementation of early prevention strategies: preventing heart failure's communicable and emerging non-communicable causes, and identifying treatments targeting non-ischemic heart failure. However, more information is needed. The epidemiology of heart failure remains poorly described in most world regions, and geographically diverse population-based studies are needed.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Age-and sex-adjusted relative contributions of different underlying risk factors of heart failure in six world regions. Table 1 Prevalence of heart failure risk factors among heart failure patients in clinic or hospital-based studies, by world region. The seven main risk factor categories were ischemic heart disease (IHD), hypertension (HT), valvular disease (VHD), cardiopulmonary disease (CP), cardiomyopathy (CM), and other risk factors. NR = risk factor not reported in study. 
